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METHOD, APPARATUS AND SYSTEM FOR 
COMPATIBILITY WITH VDSL2 LEGACY 
CUSTOMER PREMISES EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of International Appli 
cation No. PCT/CN2012/080801, filed on Aug. 30, 2012, 
which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

The present invention relates to the communications field, 
and in particular, to a method, an apparatus and a system for 
compatibility with a VDSL2 legacy customer premises 
equipment. 

BACKGROUND 

XDSL is a generic term for various types of digital Sub 
scriber lines (DSL), and is a high speed data transmission 
technology implemented by using unshielded twist pairs 
(UTP). An xDSL technology for passband transmission uses 
a frequency division multiplexing technology to enable an 
xDSL service and a plain old telephone service (POTS) to 
co-exist on a same twisted pair, where the xDSL service 
occupies a high frequency band, the POTS occupies a base 
band part below 4 kHz, and POTS signals are separated from 
xDSL signals by a splitter. The xDSL technology for pass 
band transmission uses discrete multi-tone (DMT) modula 
tion. A system providing access for multiple xDSLs is called 
a digital subscriber line access multiplexer (DSLAM). 
According to an electromagnetic induction principle, inter 
ference, which is called crosstalk, is generated between mul 
tiple channels of signals that are received by the DSLAM. 
Energy of both near end crosstalk (NEXT) and far end 
crosstalk (FEXT) enhances with a rise in a frequency band. 
XDSL upstream and downstream channels use frequency 
division multiplexing, and the NEXT has a smaller impact on 
performance of a system. However, as the xDSL uses an 
increasingly wide frequency band, the FEXT affects line 
transmission performance more seriously. All systems for 
undistorted communication follow a famous Shannon's 
equation: C-B (1+S/N), where C is channel capacity, B is a 
signal bandwidth, S is signal energy, and N is noise energy. In 
XDSL transmission, crosstalk is represented as part of noise, 
so serious FEXT significantly reduces a channel rate. When 
multiple users from abundle of cables require provisioning of 
an xDSL service, the FEXT causes some lines to have low 
rates and unstable performance and even to encounter cases 
Such as a failure to provision the service, and eventually leads 
to a low line activation ratio of the DSLAM. At present, the 
industry puts forward a vectored-DSL (Vectored-DSL) tech 
nology, which mainly makes use of possibility of performing 
coordinated reception and transmission at a DSLAM end to 
use a signal processing method to cancel interference of the 
FEXT. For downstream transmission, a pre-coder P is intro 
duced at the DSLAM end to perform coordinated transmis 
sion of signals, and the signals are separately received at user 
ends; for upstream transmission, signals are separately trans 
mitted at the user ends, and a crosstalk canceller W is intro 
duced at the DSLAM end to perform coordinated reception of 
the signals to cancel crosstalk. In this process, synchroniza 
tion is performed by using synchronization symbols (Sync 
Symbol). A vectoring control entity (VCE) uniformly allo 
cates a pilot sequence to all lines, transceivers (transceiver) on 
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2 
the lines jointly modulate, on the sync symbols, the pilot 
sequence allocated by the VCE, and finally the VCE receives 
clipped errors fed back by a corresponding customer pre 
mises equipment (CPE) or CO-end transceiver, so that a 
downstream precoding matrix P and an upstream cancella 
tion matrix W" can be estimated in the VCE according to the 
pilot sequence and the clipped errors, and ultimately the 
FEXT is eliminated. Functions of the downstream precoding 
matrix P and the upstream cancellation matrix Ware usually 
implemented in a canceller. 

However, a second generation very-high-bit-rate digital 
subscriber loop (VDSL2) technology is earlier than the Vec 
tored-DSL technology, and the VDSL2 technology has been 
widely used; therefore, compatibility with a VDSL2 legacy 
CPE that exists on a live network and does not support Vec 
tored-DSL needs to be considered when VDSL2 is upgraded 
to the Vectored-DSL. However, the VDSL2 legacy CPE does 
not Support transmission and reception of a pilot sequence or 
feedback of clipped errors on sync symbols; as a result, it is 
difficult for the VCE to estimate upstream and downstream 
cancellation matrixes that are used to cancel crosstalk coming 
from a legacy line to a Vectored line. When a vectored line in 
a data transmission time (Showtime) state exists in a system, 
as a Legacy line is added to the system, in a case in which 
crosstalk coming from the Legacy line is not canceled, error 
codes increase on the Vectored line in the Showtime state due 
to a decrease of a signal-to-noise ratio (SNR), which seriously 
affects a rate of the Vectored line and stability of an entire 
Vectored-DSL system. 

In the prior art, all VDSL2 Legacy CPEs on a live VDSL2 
network can be upgraded or changed to VDSL2 Vectored 
CPEs to solve problems of incompatibility between the 
VDSL2 Legacy CPEs and the VDSL2 Vectored CPEs and a 
failure to eliminate FEXT. However, upgrading all the Legacy 
CPEs on the live network needs to consume a lot of costs, and 
some earlier Legacy CPEs may fail to be upgraded to the 
Vectored CPEs due to various causes, for example, error 
calculation and error feedback are not supported, so that an 
entire CPE needs to be replaced, which further leads to an 
increase in costs. 

SUMMARY 

Embodiments of the present invention provide a method, 
an apparatus and a system for compatibility with a VDSL2 
legacy customer premises equipment. Coefficients of 
crosstalk of a legacy line in a Vectored line can be obtained 
without increasing costs and changing an existing legacy 
customer premises equipment, and then the crosstalk of the 
legacy line in the Vectored line is eliminated and compatibil 
ity of a Vectored-DSL system with the legacy customer pre 
mises equipment is implemented. 
A first aspect of the present invention provides a method for 

compatibility with a VDSL2 legacy customer premises 
equipment, which may include: 

selecting tones in preset locations from tones of a legacy 
line as training tones; 

controlling the training tones not to transmit data and 
modulating a pilot sequence on the training tones; 

calculating and feeding back clipped errors on a Vectored 
line; and 

calculating coefficients, for the training tones, of crosstalk 
of the legacy line in the Vectored line according to the pilot 
sequence and the clipped errors. 

In a first possible implementation manner, after the calcu 
lating coefficients, for the training tones, of crosstalk of the 
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legacy line in the Vectored line according to the pilot 
sequence and the clipped errors, the method may further 
include: 

extending the crosstalk coefficients to other non-training 
tones to obtain crosstalk coefficients of all the tones. 

With reference to the first aspector the first possible imple 
mentation manner of the first aspect, in a second possible 
implementation manner, a method for controlling the training 
tones not to transmit data may include: 

modulating noise signals on the training tones; or 
configuring virtual noise on the training tones; or 
configuring tone blackouts on the training tones; or 
skipping transmitting signals on the training tones during 

signal-to-noise ratio measurement. 
With reference to the first aspect or the first or the second 

possible implementation manner of the first aspect, in a third 
possible implementation manner, a method for modulating 
the noise signals or the pilot sequence may include: 

directly replacing to-be-transmitted signals X with desired 
signals E and controlling the desired signals E not to be 
Superposed on cancellation signals AX backhauled by a can 
celler; or 

Superposing to-be-transmitted signals X on cancellation 
signals AX to obtain desired signals E, where the desired 
signals E are the noise signals or the pilot sequence. 

With reference to the third possible implementation man 
ner of the first aspect, in a fourth possible implementation 
manner, a method for the Superposing to-be-transmitted sig 
nals X on cancellation signals AX to obtain desired signals E 
may include: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must be 
Superposed on the cancellation signals AX, controlling, by the 
canceller, the backhauled cancellation signals AX to be equal 
to 0 or less than E/10; or 

performing calculation according to the desired signals E 
and the to-be-transmitted signals X to obtain the cancellation 
signals AX, where AXE-X, and Superposing the cancella 
tion signals on the to-be-transmitted signals X to obtain the 
desired signals E, where finally transmitted signals are X=X+ 
AX=X+E-X=E. 

With reference to the first aspect or the first or the second or 
the third or the fourth possible implementation manner of the 
first aspect, in a fifth possible implementation manner, a 
method for the extending the crosstalk coefficients to other 
non-training tones to obtain crosstalk coefficients of all the 
tones may include: 

directly extending the crosstalk coefficients of the training 
tones to tones in preset intervals; or 

performing an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimating crosstalk 
coefficients of other tones. 

With reference to the first aspect or the first or the second or 
the third or the fourth or the fifth possible implementation 
manner of the first aspect, in a sixth possible implementation 
manner, the training tones may be a part or all of probe tones. 

With reference to the first aspect or the first or the second or 
the third or the fourth or the fifth or the sixth possible imple 
mentation manner of the first aspect, in a seventh possible 
implementation manner, when the legacy line accesses the 
Vectored line for the first time, a method for performing 
initialization on the legacy line may include: 

establishing a handshake relationship between the legacy 
line and the Vectored line; 
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4 
modulating the pilot sequence on the legacy line and 

acquiring the clipped errors on the Vectored line, and calcu 
lating the coefficients of the crosstalk from the legacy line to 
the Vectored line; and 

performing a Subsequent initialization operation and data 
transmission according to the acquired crosstalk coefficients. 
A second aspect of the present invention provides an appa 

ratus for compatibility with a VDSL2 legacy customer pre 
mises equipment, which may include: 

a vectoring control entity, configured to select tones in 
preset locations from tones of a legacy line as training tones, 
and calculate coefficients, for the training tones, of crosstalk 
of the legacy line in a Vectored line according to a pilot 
sequence modulated on the training tones and clipped errors 
fed back by a vectored customer premises equipment; and 

a transceiver, configured to control the training tones not to 
transmit data and modulate the pilot sequence on the training 
tOneS. 

In a first possible implementation manner, the vectoring 
control entity may further be configured to extend the 
crosstalk coefficients to other non-training tones to obtain 
crosstalk coefficients of all the tones. 

With reference to the second aspect or the first possible 
implementation manner of the second aspect, in a second 
possible implementation manner, when controlling the train 
ing tones not to transmit data, the transceiver may further be 
configured to: 

modulate noise signals on the training tones; or 
configure virtual noise on the training tones; or 
configure tone blackouts on the training tones; or 
skip transmitting signals on the training tones during sig 

nal-to-noise ratio measurement. 
With reference to the second aspect or the first or the 

second possible implementation manner of the second aspect, 
in a third possible implementation manner, the apparatus may 
further include a canceller, where the canceller may be con 
figured to backhaul cancellation signals AX to the transceiver. 
When modulating the noise signals or the pilot sequence, the 
transceiver may further be configured to: 

directly replace to-be-transmitted signals X with desired 
signals E and control the desired signals E not to be Super 
posed on the cancellation signals AX backhauled by the can 
celler, or Superpose to-be-transmitted signals X on the can 
cellation signals AX to obtain desired signals E, where the 
desired signals E are the noise signals or the pilot sequence. 

With reference to the third possible implementation man 
ner of the second aspect, in a fourth possible implementation 
manner, when the to-be-transmitted signals X are Superposed 
on the cancellation signals AX to obtain the desired signals E, 
the canceller may further be configured to: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must be 
Superposed on the cancellation signals AX, control the back 
hauled cancellation signals AX to be equal to 0 or less than 
E/10; or 

perform calculation according to the desired signals E and 
the to-be-transmitted signals X to obtain the cancellation 
signals AX, where AXE-X, and Superpose the cancellation 
signals on the to-be-transmitted signals X to obtain the 
desired signals E, where finally transmitted signals are X=X+ 
AX=X+E-X=E. 

With reference to the first or the second or the third or the 
fourth possible implementation manner of the second aspect, 
in a fifth possible implementation manner, when extending 
the crosstalk coefficients to other non-training tones to obtain 
the crosstalk coefficients of all the tones, the vectoring control 
entity may further be configured to: 
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directly extend the crosstalk coefficients of the training 
tones to tones in preset intervals; or 

perform an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimate crosstalk coef 
ficients of other tones. 5 

With reference to the second aspect or the first or the 
second or the third or the fourth or the fifth possible imple 
mentation manner of the second aspect, in a sixth possible 
implementation manner, when the legacy line accesses the 
Vectored line for the first time and initialization is performed 10 
on the legacy line, the transceiver may further be configured 
to establish a handshake relationship between the legacy line 
and the Vectored line; the vectoring control entity may further 
be configured to modulate the pilot sequence on the legacy 
line, receive the clipped errors fed back by the vectored cus- 15 
tomer premises equipment, calculate the coefficients of the 
crosstalk from the legacy line to the Vectored line, and per 
form a Subsequent initialization operation and data transmis 
sion according to the acquired crosstalk coefficients. 
A third aspect of the present invention provides a system 20 

for compatibility with a VDSL2 legacy customer premises 
equipment, which may include: 

a central office, a vectored customer premises equipment, a 
legacy customer premises equipment, at least one legacy line 
used to connect the central office and the legacy customer 25 
premises equipment, and at least one Vectored line used to 
connect the central office and the vectored customer premises 
equipment, where the central office is configured to select 
tones in preset locations from tones of the legacy line as 
training tones, control the training tones not to transmit data 30 
and modulate a pilot sequence on the training tones, and 
calculate coefficients, for the training tones, of crosstalk of 
the legacy line in the Vectored line according to the pilot 
sequence and clipped errors fed back by the vectored cus 
tomer premises equipment; and 35 

the vectored customer premises equipment is configured to 
calculate and feedback the clipped errors on the Vectored 
line. 

In a first possible implementation manner, the central office 
may further be configured to extend the crosstalk coefficients 40 
to other non-training tones to obtain crosstalk coefficients of 
all the tones. 

With reference to the third aspect or the first possible 
implementation manner of the third aspect, in a second pos 
sible implementation manner, when controlling the training 45 
tones not to transmit data, the central office may further be 
configured to: 

modulate noise signals on the training tones; or 
configure virtual noise on the training tones; or 
configure tone blackouts on the training tones; or 50 
skip transmitting signals on the training tones during sig 

nal-to-noise ratio measurement. 
With reference to the third aspect or the first or the second 

possible implementation manner of the third aspect, in a third 
possible implementation manner, the system may further 55 
include a canceller, where the canceller may be configured to 
backhaul cancellation signals AX to the central office. When 
modulating the noise signals or the pilot sequence, the central 
office may further be configured to: 

directly replace to-be-transmitted signals X with desired 60 
signals E and control the desired signals E not to be Super 
posed on the cancellation signals AX backhauled by the can 
celler, or Superpose to-be-transmitted signals X on the can 
cellation signals AX to obtain desired signals E, where the 
desired signals E are the noise signals or the pilot sequence. 65 

With reference to the third possible implementation man 
ner of the third aspect, in a fourth possible implementation 

6 
manner, when the to-be-transmitted signals X are Superposed 
on the cancellation signals AX to obtain the desired signals E, 
the canceller may further be configured to: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must be 
Superposed on the cancellation signals AX, control the back 
hauled cancellation signals AX to be equal to 0 or less than 
E/10; or 

perform calculation according to the desired signals E and 
the to-be-transmitted signals X to obtain the cancellation 
signals AX, where AXE-X, and Superpose the cancellation 
signals on the to-be-transmitted signals X to obtain the 
desired signals E, where finally transmitted signals are X=X+ 
AX=X+E-X=E. 

With reference to the third or the fourth possible imple 
mentation manner of the third aspect, in a fifth possible imple 
mentation manner, the canceller may exist independently or 
be integrated into the central office. 

With reference to the first or the second or the third or the 
fourth or the fifth possible implementation manner of the 
third aspect, in a sixth possible implementation manner, when 
extending the crosstalk coefficients to other non-training 
tones to obtain the crosstalk coefficients of all the tones, the 
central office may further be configured to: 

directly extend the crosstalk coefficients of the training 
tones to adjacent tones; or 

perform an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimate crosstalk coef 
ficients of other tones. 

With reference to the third aspect or the first or the second 
or the third or the fourth or the fifth or the sixth possible 
implementation manner of the third aspect, in a seventh pos 
sible implementation manner, when the legacy line accesses 
the Vectored line for the first time and initialization is per 
formed on the legacy line, the central office may further be 
configured to: 

establish a handshake relationship between the legacy line 
and the Vectored line; 

modulate the pilot sequence on the legacy line and acquire 
the clipped errors on the Vectored line, and calculate the 
coefficients of the crosstalk from the legacy line to the Vec 
tored line; and 

perform a Subsequent initialization operation and data 
transmission according to the acquired crosstalk coefficients. 

Implementing the embodiments of the present invention 
has the following beneficial effects: 

Tones in preset locations are selected from tones of a legacy 
line as training tones, and the training tones are controlled not 
to transmit data, which implements possibility of modulating 
a pilot sequence on the training tones. A vectored customer 
premises equipment calculates and feeds back clipped errors, 
and then coefficients of crosstalk of the legacy line in a Vec 
tored line can be calculated for the training tones according to 
the pilot sequence and the clipped errors, which implements 
obtaining of the coefficients of the crosstalk of the legacy line 
in the Vectored line without increasing costs and changing an 
existing legacy customer premises equipment, so that the 
crosstalk of the legacy line in the Vectored line is eliminated 
and compatibility of a Vectored-DSL system with the legacy 
customer premises equipment is implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To describe the technical solutions in the embodiments of 
the present invention or in the prior art more clearly, the 
following briefly introduces the accompanying drawings 
required for describing the embodiments or the prior art. 



US 9,225,826 B2 
7 

Apparently, the accompanying drawings in the following 
description show merely some embodiments of the present 
invention, and a person of ordinary skill in the art may still 
derive other drawings from these accompanying drawings 
without creative efforts. 

FIG. 1 is a schematic flowchart of a first embodiment of a 
method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention; 

FIG. 2 is a schematic flowchart of a second embodiment of 
a method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention; 

FIG. 3 is a schematic flowchart of a third embodiment of a 
method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention; 

FIG. 4 is a schematic flowchart of a fourth embodiment of 
a method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention; 

FIG.5 is a flowchart, according to the present invention, for 
performing initialization on a legacy line when the legacy line 
accesses a Vectored line for the first time; 

FIG. 6 is a schematic composition diagram of a first 
embodiment of an apparatus for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention; 

FIG. 7 is a schematic composition diagram of a second 
embodiment of an apparatus for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention; 

FIG. 8 is a schematic composition diagram of a first 
embodiment of a system for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention; and 

FIG. 9 is a schematic composition diagram of a second 
embodiment of a system for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention. 

DETAILED DESCRIPTION 

The following clearly describes the technical solutions in 
the embodiments of the present invention with reference to 
the accompanying drawings in the embodiments of the 
present invention. Apparently, the described embodiments 
are merely a part rather than all of the embodiments of the 
present invention. All other embodiments obtained by a per 
son of ordinary skill in the art based on the embodiments of 
the present invention without creative efforts shall fall within 
the protection scope of the present invention. 
An existing Vectored-DSL technology mainly makes use 

of possibility of performing coordinated reception and trans 
missionata DSLAM end to use a signal processing method to 
cancel interference of FEXT and finally eliminate FEXT 
interference in each signal. An upstream and downstream 
shared channel H on the k" tone of a frequency domain may 
be represented in a matrix form: 

h11 h 12 h1M 
h21 ha2 h2M 

H = 

h M1 h M2 ... h.m.M ). 

whereh, represents an equation of transmission from a line 
pair to a line pairi. In an actual situation, i and are equal and 
are equal to the number of lines in a Vectored-DSL system, 
which is set to M herein. Then H is an MXM channel trans 
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8 
mission matrix. X is set to an MX1 channel input vector, y to 
an MX1 channel output vector, and n to an MX1 noise vector. 
Finally, a channel transmission equation is represented in the 
following form: 

In an upstream signal transmission process, coordinated 
reception processing is performed on signals at a central 
office (CO) end, and one crosstalk canceller W is introduced 
at a receiving end, and then received signals are: 

where when WH is a diagonal matrix, crosstalk is elimi 
nated. 

In a downstream signal transmission process, coordinated 
transmission processing is performed on signals at the CO 
end, and one pre-coder P is introduced at the CO end, and then 
transmitted signals are: 

3=Px 

and signals received at the receiving end are: 

where when HP is a diagonal matrix, crosstalk is elimi 
nated. 
To sum up, it can be learned that a key point of the Vec 

tored-DSL technology is to estimate a downstream precoding 
matrix P and an upstream cancellation matrix W. Synchroni 
Zation is performed by using sync symbols. A vectoring con 
trol entity (VCE) uniformly allocates a pilot sequence to all 
lines, transceivers on the lines modulate, on the sync symbols, 
the pilot sequence allocated by the VCE, and finally the VCE 
receives clipped errors fed back by a corresponding CPE or 
CO, so that the downstream precoding matrix P and the 
upstream cancellation matrix W can be estimated in the VCE 
according to the pilot sequence and the clipped errors, and 
ultimately FEXT is eliminated. 

FIG. 1 is a schematic flowchart of a first embodiment of a 
method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention. In 
this embodiment, the method includes the following steps: 

S101. Select tones in preset locations from tones of a 
legacy line as training tones, where 

the training tones are a part or all of probe tones. 
S102. Control the training tones not to transmit data and 

modulate a pilot sequence on the training tones. 
A premise for canceling crosstalk between the legacy line 

and a Vectored line is that all line symbols are synchronous 
and sync symbols are synchronous, and therefore it needs to 
be ensured that the legacy line and the Vectored line use a 
same symbol rate and have a same CE (cycle extension), so 
that symbol alignment can be implemented. This synchroni 
Zation operation is implemented by a VCE and a transceiver, 
a related synchronization method is the same as an existing 
method for synchronization between Vectored lines. 
To estimate a cancellation matrix of the crosstalk from the 

legacy line to the Vectored line, a pilot sequence, that is, 
vector training signals, needs to be transmitted on the legacy 
line. Because a legacy customer premises equipment cannot 
identify the pilot sequence, if the pilot sequence is forcibly 
transmitted on the legacy line, an unpredictable error will 
occur on the legacy customer premises equipment. Therefore, 
the method described in step S102 needs to be used to control 
the training tones not to transmit data. 

Specifically, in this embodiment, a location sequence num 
ber of the training tones may be 4n+2, and the training tones 
are a part of probe tones, and certainly can also be set to all of 



US 9,225,826 B2 
9 

the probe tones according to an application scenario. After 
location sequence numbers of the training tones are deter 
mined, the trainingtones are configured not to transmit data in 
a synchronization frame or a data frame. Therefore, a system 
may freely transmit and modulate the pilot sequence on these 
training tones without affecting stability of the legacy line; on 
non-training tones of the legacy line, data is sent properly 
according to an original specification, and the performance 
and stability are not affected. In addition, on the legacy line, 
a method for modulating the pilot sequence is the same as an 
existing method for modulating the pilot sequence on a Vec 
tored line. 

S103. Calculate and feedback clipped errors on a Vectored 
line. 

Specifically, a vectored customer premises equipment 
compares a received signal with a desired signal at the Vec 
tored line end, acquires the clipped errors by calculation, and 
feeds back the clipped errors to a vectoring control entity of a 
central office for processing, where the clipped errors include 
data of crosstalk of the legacy line in the Vectored line. 

S104. Calculate coefficients, for the training tones, of 
crosstalk of the legacy line in the Vectored line according to 
the pilot sequence and the clipped errors. 

The legacy line is a VDSL2 line connected, in a Vectored 
DSL system, to a customer premises equipment that is a 
legacy customer premises equipment, and the Vectored line is 
a line Supporting a vectoring standard and the G.993.5 pro 
tocol and is connected, in the Vectored-DSL system, to a 
customer premises equipment that is a vectored customer 
premises equipment. For aDSL legacy line and Vectored line, 
entities of both of them are the same, and only connected 
customer premises equipments are different. 

According to the method in this embodiment, coefficients 
of crosstalk of a legacy line in a Vectored line can be obtained 
without increasing costs and changing an existing legacy 
customer premises equipment, and then the crosstalk of the 
legacy line in the Vectored line is eliminated, and compatibil 
ity of a Vectored-DSL system with the legacy customer pre 
mises equipment is implemented. 

FIG. 2 is a schematic flowchart of a second embodiment of 
a method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention. In 
this embodiment, the method includes the following steps: 

S201. Select tones in preset locations from tones of a 
legacy line as training tones, where 

the training tones are a part or all of probe tones. 
S202. Control the training tones not to transmit data and 

modulate a pilot sequence on the training tones. 
S203. Calculate and feedback clipped errors on a Vectored 

line. 
S204. Calculate coefficients, for the training tones, of 

crosstalk of the legacy line in the Vectored line according to 
the pilot sequence and the clipped errors. 

S205. Extend the crosstalk coefficients to other non-train 
ing tones to obtain crosstalk coefficients of all the tones. 

Because variation of crosstalk coefficients with frequen 
cies is continuous, a coefficient difference between tones in 
one interval is small. Therefore, the obtained crosstalk coef 
ficients of the training tones may be extended to obtain the 
crosstalk coefficients of all the tones. 

Specifically, an extension method may be direct assign 
ment extension. For example, directly extending a crosstalk 
coefficient of a tone in a 4n+2 location to a tone in a 4n+1 or 
4n+3 location, that is: 

P, int-P, in-2, P, ints =P, in-, where P, in-2 represents 
a coefficient, on the (4n+2)"tone, of crosstalk of thei" line in 
the i' Vectored line, and n is an integer. Similarly, crosstalk 
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10 
coefficients of tones in other locations may be obtained, and 
finally a precoding matrix is obtained, and the crosstalk of 
legacy line in the Vectored line may be eliminated by using a 
vectoring technology. The tone interval herein may be preset, 
which may be set to an interval with two adjacent tones, and 
may also be set to a larger one according to a scenario, such as 
an interval with 16 tones. Certainly, besides a direct extension 
method, crosstalk coefficients of other tones may also be 
estimated by performing an interpolation operation on 
crosstalk coefficients of multiple training tones. The simplest 
manner is linear interpolation. 

In this embodiment, a method is provided for obtaining 
crosstalk coefficients of other tones according to crosstalk 
coefficients of training tones, so that a complete precoding 
matrix can be obtained, and ultimately crosstalk of a legacy 
line in a Vectored line is eliminated by using a vectoring 
technology. 

FIG. 3 is a schematic flowchart of a third embodiment of a 
method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention. In 
this embodiment, the method includes the following steps: 

S301. Select tones in preset locations from tones of a 
legacy line as training tones, where 

the training tones are a part or all of probe tones. 
S302. Modulate noise signals on the training tones. 
Specifically, step S302 is one of methods for controlling 

the training tones not to transmit data. The noise signals are 
signals that cannot be identified by the legacy customer pre 
mises equipment, that is, signals that are different from Sig 
nals defined by the G.993.2 standard. Because a pilot 
sequence itself is different from the signals defined by the 
G.993.2 standard, a simple special example of injecting noise 
signals is to modulate the pilot sequence on a data frame 
and/or a synchronization frame. The legacy customer pre 
mises equipment cannot identify signals on these tones when 
receiving signals; therefore, when measuring a signal-to 
noise ratio, the legacy customer premises equipment may 
consider that noise is very large on these tones, and the mea 
Sured signal-to-noise ratio is very low, so that the legacy 
customer premises equipment does not transmit data on these 
tones, and a system may freely modulate the pilot sequence 
on these tones without affecting stability of the legacy line. 

Certainly, the training tones may also be configured not to 
transmit data in a manner of configuring virtual noise on the 
training tones or configuring tone blackouts on the training 
tones. Specifically, the virtual noise is noise that must be 
considered by the legacy customer premises equipment dur 
ing data loading and is configured for the legacy customer 
premises equipment by a central office. When virtual noise 
with a higher amplitude is configured on Some tones, the 
legacy customer premises equipment instructs the central 
office not to transmit data on these tones during initialization 
or data transmission time. In addition, it may also be that no 
signal is sent on corresponding training tones when the cus 
tomer premises equipment measures a signal-to-noise ratio, 
so that the customer premises equipment obtains a very low 
signal-to-noise ratio and the customer premises equipment 
does not transmit data on these training tones. 

S303. Modulate a pilot sequence on the training tones. 
S304. Calculate and feedback clipped errors on a Vectored 

line. 
S305. Calculate coefficients, for the training tones, of 

crosstalk of the legacy line in the Vectored line according to 
the pilot sequence and the clipped errors. 

S306. Extend the crosstalk coefficients to other non-train 
ing tones to obtain crosstalk coefficients of all the tones. 
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In this embodiment, several methods for controlling train 
ing tones not to transmit data are provided to achieve a pur 
pose of modulating a pilot sequence on a legacy line, and 
ultimately coefficients of crosstalk of the legacy line in a 
Vectored line are acquired. 

FIG. 4 is a schematic flowchart of a fourth embodiment of 
a method for compatibility with a VDSL2 legacy customer 
premises equipment according to the present invention. In 
this embodiment, the method includes the following steps: 

S401. Select tones in preset locations from tones of a 
legacy line as training tones, where 

the training tones are a part or all of probe tones. 
S402. Modulate desired noise signals or a desired pilot 

Sequence. 
Specifically, a frequency domain signal vector X is set, 

representing to-be-transmitted signals of lines before precod 
ing. The X is input to one canceller by a central office, is 
multiplied by a matrix (P-I), and then is Superposed on its 
signals to obtain finally transmitted signals X, where P is a 
precoding matrix, and I is a unit matrix. 

Implementation of the canceller may be represented as: 

In this way, the precoding process described in the back 
ground of this specification is implemented. 

In this embodiment, to implement the precoding process 
described in the foregoing text, the noise signals and the pilot 
sequence used in a Subsequent process need to be prepro 
cessed to obtain desired signals. To-be-transmitted signals X 
may be directly replaced with desired signals E and the 
desired signals E may be controlled not to be superposed on 
cancellation signals AX backhauled by the canceller, or the 
to-be-transmitted signals X are Superposed on the cancella 
tion signals AX to obtain desired signals E, where the desired 
signals E are the noise signals or the pilot sequence. 

Specifically, a method for Superposing the to-be-transmit 
ted signals X on the cancellation signals AX to obtain the 
desired signals Eincludes: when the to-be-transmitted signals 
X are directly replaced with the desired signals E and the 
desired signals E must be Superposed on the cancellation 
signals AX, controlling, by the canceller, the backhauled can 
cellation signals AX to be equal to 0 or less than E/10; or 

performing calculation according to the desired signals E 
and the to-be-transmitted signals X to obtain the cancellation 
signals AX, where AXE-X, and Superposing the cancella 
tion signals on the to-be-transmitted signals X to obtain the 
desired signals E, where finally transmitted signals are 

S403. Modulate noise signals on the training tones. 
Certainly, it may also be: configuring virtual noise on the 

training tones; or configuring tone blackouts on the training 
tones; or skipping transmitting signals on the training tones 
during signal-to-noise ratio measurement. 

S404. Modulate a pilot sequence on the training tones. 
S405. Calculate and feedback clipped errors on a Vectored 

line. 
S406. Calculate coefficients, for the training tones, of 

crosstalk of the legacy line in the Vectored line according to 
the pilot sequence and the clipped errors. 

S407. Extend the crosstalk coefficients to other non-train 
ing tones to obtain crosstalk coefficients of all the tones. 

In this embodiment, a specific method is provided for 
modulating required noise signals or a required pilot 
sequence on a legacy line, a precoding function may be imple 
mented by performing corresponding control at a central 
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office or canceller end without a need to performany change 
on a legacy customer premises equipment. 

FIG.5 is a flowchart, according to the present invention, for 
performing initialization on a legacy line when the legacy line 
accesses a Vectored line for the first time. The following steps 
are included: 

S501. Establish a handshake relationship between the 
legacy line and the Vectored line. 

S502. Modulate a pilot sequence on the legacy line and 
acquire clipped errors on the Vectored line, and calculate 
coefficients of crosstalk from the legacy line to the Vectored 
line. 

S503. Perform a subsequent initialization operation and 
data transmission according to the acquired crosstalk coeffi 
cients. 

In the prior art, an initialization process of a legacy line 
includes a handshake phase, a channel discovery phase, a 
channel training phase and a channel analysis and exchange 
phase. In this embodiment, one vector training phase is forc 
ibly inserted, by using step S502, after a handshake phase in 
an original initialization process. Because the forcibly sent 
vector training phase cannot be identified by a legacy cus 
tomer premises equipment, the first training may fail. How 
ever, by means of the vector training phase, the pilot sequence 
is sent on the legacy line and the clipped errors are acquired on 
the Vectored line, and the coefficients of the crosstalk from the 
legacy line to the Vectored line are calculated. In this way, the 
crosstalk from the legacy line to the Vectored line may be 
eliminated. During the second training, it is only required to 
perform training according to a normal training process for a 
legacy customer premises equipment by using the crosstalk 
coefficient obtained in the first training. The initialization 
process of the legacy line can be completed by means of Such 
a twice-initialization method. Certainly, the method is also 
applicable to another scenario in which a legacy line is added 
to a system without a legacy line. 

FIG. 6 is a schematic composition diagram of a first 
embodiment of an apparatus for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention. In this embodiment, the apparatus includes: a vec 
toring control entity 10 and a transceiver 20. 
The vectoring control entity 10 is configured to select tones 

in preset locations from tones of a legacy line as training 
tones, and calculate coefficients, for the training tones, of 
crosstalk of the legacy line in a Vectored line according to a 
pilot sequence modulated on the training tones and clipped 
errors fed back by a vectored customer premises equipment; 
the transceiver 20 is configured to control the training tones 
not to transmit data and modulate the pilot sequence on the 
training tones. 
When controlling the training tones not to transmit data, 

the transceiver 20 is further configured to: 
modulate noise signals on the training tones; or 
configure virtual noise on the training tones; or 
configure tone blackouts on the training tones; or 
skip transmitting signals on the training tones during sig 

nal-to-noise ratio measurement. 
The vectoring control entity 10 is further configured to 

extend the crosstalk coefficients to other non-training tones to 
obtain crosstalk coefficients of all the tones. 
When extending the crosstalk coefficients to other non 

training tones to obtain the crosstalk coefficients of all the 
tones, the vectoring control entity 10 is further configured to: 

directly extend the crosstalk coefficients of the training 
tones to tones in preset intervals; or 
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perform an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimate crosstalk coef 
ficients of other tones. 
When the legacy line accesses the Vectored line for the first 

time and initialization is performed on the legacy line, the 
transceiver 20 is further configured to establish a handshake 
relationship between the legacy line and the Vectored line; the 
vectoring control entity 10 is further configured to modulate 
the pilot sequence on the legacy line, receive the clipped 
errors fed back by the vectored customer premises equip 
ment, calculate the coefficients of the crosstalk from the 
legacy line to the Vectored line, and perform a Subsequent 
initialization operation and data transmission according to the 
acquired crosstalk coefficients. 

FIG. 7 is a schematic composition diagram of a second 
embodiment of an apparatus for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention. In this embodiment, the apparatus includes: a vec 
toring control entity 10, a transceiver 20, and a canceller 30. 

The canceller 30 is configured to backhaul cancellation 
signals AX to the transceiver 20. When modulating noise 
signals or a pilot sequence, the transceiver 20 is further con 
figured to: 

directly replace to-be-transmitted signals X with desired 
signals E and control the desired signals E not to be Super 
posed on the cancellation signals AX backhauled by the can 
celler 30; or 

Superpose to-be-transmitted signals X on the cancellation 
signals AX to obtain desired signals E, where the desired 
signals E are the noise signals or the pilot sequence. 
When the to-be-transmitted signals X are superposed on 

the cancellation signals AX to obtain the desired signals E, the 
canceller 30 is further configured to: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must be 
Superposed on the cancellation signals AX, control the back 
hauled cancellation signals AX to be equal to 0 or less than 
E/10; or 

perform calculation according to the desired signals E and 
the to-be-transmitted signals X to obtain the cancellation 
signals AX, where AX=E-X, and Superpose the cancellation 
signals on the to-be-transmitted signals X to obtain the 
desired signals E, where finally transmitted signals are 

FIG. 8 is a schematic composition diagram of a first 
embodiment of a system for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention. In this embodiment, the system includes: a central 
office 100, a vectored customer premises equipment 200, a 
legacy customer premises equipment 300, at least one legacy 
line used to connect the central office 100 and the legacy 
customer premises equipment 300, and at least one Vectored 
line used to connect the central office 100 and the vectored 
customer premises equipment 200. 
The central office 100 is configured to select tones in preset 

locations from tones of the legacy line as training tones, 
control the training tones not to transmit data and modulate a 
pilot sequence on the training tones, and calculate coeffi 
cients, for the training tones, of crosstalk of the legacy line in 
the Vectored line according to the pilot sequence and clipped 
errors fedback by the vectored customer premises equipment 
2OO. 
The vectored customer premises equipment 200 is config 

ured to calculate and feed back the clipped errors on the 
Vectored line. 
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The central office 100 is further configured to extend the 

crosstalk coefficients to other non-training tones to obtain 
crosstalk coefficients of all the tones. 
When extending the crosstalk coefficients to other non 

training tones to obtain the crosstalk coefficients of all the 
tones, the central office 100 is further configured to: 

directly extend the crosstalk coefficients of the training 
tones to adjacent tones; or 

perform an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimate crosstalk coef 
ficients of other tones, where 

the training tones are a part or all of probe tones. 
When controlling the training tones not to transmit data, 

the central office 100 is further configured to: 
modulate noise signals on the training tones; or 
configure virtual noise on the training tones; or 
configure tone blackouts on the training tones; or 
skip transmitting signals on the training tones during sig 

nal-to-noise ratio measurement. 
When modulating the noise signals or the pilot sequence, 

the central office 100 is further configured to: directly replace 
to-be-transmitted signals X with desired signals E and control 
the desired signals E not to be Superposed on cancellation 
signals AX backhauled by a canceller, or 

Superpose to-be-transmitted signals X on cancellation sig 
nals AX to obtain desired signals E, where the desired signals 
E are the noise signals or the pilot sequence. 
When the legacy line accesses the Vectored line for the first 

time and initialization is performed on the legacy line, the 
central office 100 is further configured to: 

establish a handshake relationship between the legacy line 
and the Vectored line; 

modulate the pilot sequence on the legacy line and acquire 
the clipped errors on the Vectored line, calculate the coeffi 
cients of the crosstalk from the legacy line to the Vectored 
line, and perform a Subsequent initialization operation and 
data transmission according to the acquired crosstalk coeffi 
cients. 

FIG. 9 is a schematic composition diagram of a second 
embodiment of a system for compatibility with a VDSL2 
legacy customer premises equipment according to the present 
invention. In this embodiment, the system includes: a central 
office 100, a vectored customer premises equipment 200, a 
legacy customer premises equipment 300, at least one legacy 
line used to connect the central office 100 and the legacy 
customer premises equipment 300, at least one Vectored line 
used to connect the central office 100 and the vectored cus 
tomer premises equipment 200, and a canceller 400. 
The canceller 400 is configured to backhaul cancellation 

signals AX to the central office 100. 
When to-be-transmitted signals X are superposed on the 

cancellation signals AX to obtain the desired signals E, the 
canceller is further configured to: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must be 
Superposed on the cancellation signals AX, control the back 
hauled cancellation signals AX to be equal to 0 or less than 
E/10; or perform calculation according to the desired signals 
E and the to-be-transmitted signals X to obtain the cancella 
tion signals AX, where AX=E-X, and Superpose the cancel 
lation signals on the to-be-transmitted signals X to obtain the 
desired signals E, where finally transmitted signals are 

The canceller 400 exists independently or is integrated into 
the central office 100. 
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According to the description of the foregoing embodi 
ments, the present invention has the following advantages: 

Tones in preset locations are selected from tones of a legacy 
line as training tones, and the training tones are controlled not 
to transmit data, which implements possibility of modulating 
a pilot sequence on the training tones. A vectored customer 
premises equipment calculates and feeds back clipped errors, 
and then coefficients of crosstalk of the legacy line in a Vec 
tored line can be calculated for the training tones according to 
the pilot sequence and the clipped errors, which implements 
obtaining of the coefficients of the crosstalk of the legacy line 
in the Vectored line without increasing costs and changing an 
existing legacy customer premises equipment, so that the 
crosstalk of the legacy line in the Vectored line is eliminated 
and compatibility of a Vectored-DSL system with the legacy 
customer premises equipment is implemented. 
A person of ordinary skill in the art may understand that all 

or apart of the processes of the methods in the embodiments 
may be implemented by a computer program instructing rel 
evant hardware. The program may be stored in a computer 
readable storage medium. When the program runs, the pro 
cesses of the methods in the embodiments are performed. The 
foregoing storage medium may include: a magnetic disk, an 
optical disc, a read-only memory (ROM), or a random access 
memory (RAM). 
What is disclosed above is merely exemplary embodiments 

of the present invention. However, the protection scope of the 
present invention is not limited thereto. Therefore, equivalent 
variations made according to the claims of the present inven 
tion shall fall within the scope of the present invention. 

What is claimed is: 
1. A method for compatibility with a second generation 

very-high-bit-rate digital subscriber loop (VDSL2) legacy 
customer premises equipment, the method comprising: 

Selecting tones in preset locations from tones of a legacy 
line as training tones; 

controlling the training tones not to transmit data and 
modulating a pilot sequence on the training tones; 

calculating and feeding back clipped errors on a Vectored 
line; and 

calculating coefficients, for the training tones, of crosstalk 
of the legacy line in the Vectored line according to the 
pilot sequence and the clipped errors. 

2. The method according to claim 1, after calculating coef 
ficients, for the training tones, of crosstalk of the legacy line 
in the Vectored line according to the pilot sequence and the 
clipped errors, the method further comprises: 

extending the crosstalk coefficients to other non-training 
tones to obtain crosstalk coefficients of all the tones. 

3. The method according to claim 1, wherein controlling 
the training tones not to transmit data comprises: 

modulating noise signals on the training tones; or 
configuring virtual noise on the training tones; or 
configuring tone blackouts on the training tones; or 
skipping transmitting signals on the training tones during 

signal-to-noise ratio measurement. 
4. The method according to claim 1, wherein modulating 

the noise signals or the pilot sequence comprises: 
directly replacing to-be-transmitted signals X with desired 

signals E and controlling the desired signals E not to be 
Superposed on cancellation signals AX backhauled by a 
canceller; or 

Superposing to-be-transmitted signals X on cancellation 
signals AX to obtain desired signals E, wherein the 
desired signals E are the noise signals or the pilot 
Sequence. 
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5. The method according to claim 4, wherein Superposing 

to-be-transmitted signals X on cancellation signals AX to 
obtain desired signals E comprises: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must 
be Superposed on the cancellation signals AX, control 
ling, by the canceller, the backhauled cancellation sig 
nals AX to be equal to 0 or less than E/10; or 

performing calculation according to the desired signals E 
and the to-be-transmitted signals X to obtain the cancel 
lation signals AX, wherein AX=E-X, and Superposing 
the cancellation signals on the to-be-transmitted signals 
X to obtain the desired signals E, wherein finally trans 
mitted signals are 

6. The method according to claim 1, wherein extending the 
crosstalk coefficients to other non-training tones to obtain 
crosstalk coefficients of all the tones comprises: 

directly extending the crosstalk coefficients of the training 
tones to tones in preset intervals; or 

performing an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimating 
crosstalk coefficients of other tones. 

7. The method according to claim 1, wherein the training 
tones are a part or all of probe tones. 

8. The method according to claim 1, wherein performing 
initialization on the legacy line when the legacy line accesses 
the Vectored line for the first time comprises: 

establishing a handshake relationship between the legacy 
line and the Vectored line; 

modulating the pilot sequence on the legacy line and 
acquiring the clipped errors on the Vectored line, and 
calculating the coefficients of the crosstalk from the 
legacy line to the Vectored line; and 

performing a Subsequent initialization operation and data 
transmission according to the acquired crosstalk coeffi 
cients. 

9. An apparatus for compatibility with a second generation 
very-high-bit-rate digital subscriber loop (VDSL2) legacy 
customer premises equipment, the apparatus comprising: 

a vectoring control entity, configured to select tones in 
preset locations from tones of a legacy line as training 
tones, and calculate coefficients, for the training tones, 
of crosstalk of the legacy line in a Vectored line accord 
ing to a pilot sequence modulated on the training tones 
and clipped errors fed back by a vectored customer 
premises equipment; and 

a transceiver, configured to control the training tones not to 
transmit data and modulate the pilot sequence on the 
training tones. 

10. The apparatus according to claim 9, wherein the vec 
toring control entity is further configured to extend the 
crosstalk coefficients to other non-training tones to obtain 
crosstalk coefficients of all the tones. 

11. The apparatus according to claim 9, wherein when 
controlling the training tones not to transmit data, the trans 
ceiver is further configured to: 

modulate noise signals on the training tones; or 
configure virtual noise on the training tones; or 
configure tone blackouts on the training tones; or 
skip transmitting signals on the training tones during sig 

nal-to-noise ratio measurement. 
12. The apparatus according to claim 9, further comprising 

a canceller configured to backhaul cancellation signals AX to 
the transceiver, and when modulating the noise signals or the 
pilot sequence, the transceiver is further configured to: 
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directly replace to-be-transmitted signals X with desired 
signals E and control the desired signals E not to be 
superposed on the cancellation signals AX backhauled 
by the canceller; or 

superpose to-be-transmitted signals X on the cancellation 
signals AX to obtain desired signals E, wherein the 
desired signals E are the noise signals or the pilot 
Sequence. 

13. The apparatus according to claim 12, wherein when the 
to-be-transmitted signals X are Superposed on the cancella 
tion signals AX to obtain the desired signals E, the canceller 
is further configured to: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must 
be superposed on the cancellation signals AX, control 
the backhauled cancellation signals AX to be equal to 0 
or less than E/10; or 

perform calculation according to the desired signals E and 
the to-be-transmitted signals X to obtain the cancellation 
signals AX, wherein AXE-X, and superpose the can 
cellation signals on the to-be-transmitted signals X to 
obtain the desired signals E, wherein finally transmitted 
signals are 

14. The apparatus according to claim 10, wherein when 
extending the crosstalk coefficients to other non-training 
tones to obtain the crosstalk coefficients of all the tones, the 
vectoring control entity is further configured to: 

directly extend the crosstalk coefficients of the training 
tones to tones in preset intervals; or 

perform an interpolation operation on crosstalk coeffi 
cients of multiple training tones, and estimate crosstalk 
coefficients of other tones. 

15. The apparatus according to claim 9, wherein when the 
legacy line accesses the Vectored line for the first time and 
initialization is performed on the legacy line: 

the transceiver is further configured to establish a hand 
shake relationship between the legacy line and the Vec 
tored line; and 

the vectoring control entity is further configured to modu 
late the pilot sequence on the legacy line, receive the 
clipped errors fed back by the vectored customer pre 
mises equipment, calculate the coefficients of the 
crosstalk from the legacy line to the Vectored line, and 
perform a subsequent initialization operation and data 
transmission according to the acquired crosstalk coeffi 
cients. 

16. A system for compatibility with a second generation 
very-high-bit-rate digital subscriber loop (VDSL2) legacy 
customer premises equipment, the system comprising: 

a central office, a vectored customer premises equipment, a 
legacy customer premises equipment, at least one legacy 
line used to connect the central office and the legacy 
customer premises equipment, and at least one Vectored 
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18 
line used to connect the central office and the vectored 
customer premises equipment; 

wherein the central office is configured to select tones in 
preset locations from tones of the legacy line as training 
tones, control the training tones not to transmit data and 
modulate a pilot sequence on the training tones, and 
calculate coefficients, for the training tones, of crosstalk 
of the legacy line in the Vectored line according to the 
pilot sequence and clipped errors fed back by the vec 
tored customer premises equipment; and 

wherein the vectored customer premises equipment is con 
figured to calculate and feedback the clipped errors on 
the Vectored line. 

17. The system according to claim 16, wherein the central 
office is further configured to extend the crosstalk coefficients 
to other non-training tones to obtain crosstalk coefficients of 
all the tones. 

18. The system according to claim 16 wherein when con 
trolling the training tones not to transmit data, the central 
office is further configured to: 

modulate noise signals on the training tones; or 
configure virtual noise on the training tones; or 
configure tone blackouts on the training tones; or 
skip transmitting signals on the training tones during sig 

nal-to-noise ratio measurement. 
19. The system according to claim 16, wherein the system 

further comprises a canceller configured to backhaul cancel 
lation signals AX to the central office, and when modulating 
the noise signals or the pilot sequence, the central office is 
further configured to: 

directly replace to-be-transmitted signals X with desired 
signals E and control the desired signals E not to be 
superposed on the cancellation signals AX backhauled 
by the canceller; or 

superpose to-be-transmitted signals X on the cancellation 
signals AX to obtain desired signals E, wherein the 
desired signals E are the noise signals or the pilot 
Sequence. 

20. The system according to claim 19, wherein when the 
to-be-transmitted signals X are superposed on the cancella 
tion signals AX to obtain the desired signals E, the canceller 
is further configured to: 
when the to-be-transmitted signals X are directly replaced 

with the desired signals E and the desired signals E must 
be superposed on the cancellation signals AX, control 
the backhauled cancellation signals AX to be equal to 0 
or less than E/10; or 

perform calculation according to the desired signals E and 
the to-be-transmitted signals X to obtain the cancellation 
signals AX, wherein AXE-X, and superpose the can 
cellation signals on the to-be-transmitted signals X to 
obtain the desired signals E, wherein finally transmitted 
signals are 
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